Abstract. Nine canine irradiation chimeras were studied between 173 days and 7.5 years after 1200 to 1500 r of total body irradiation and transplantation of allogeneic bone marrow. Skin fibroblasts from chimeras and normal dogs were tested for colony inhibition by exposure to sera and peripheral blood lymphocytes from both chimeric and normal dogs. Lymphocytes from the chimeric dog were found to inhibit colony formation by its "own" fibroblasts while lymphocytes from other chimeras or from normal dogs did not. Serum from the chimera specifically abrogated this inhibitory effect. These results indicate that the immunological "tolerance" of the chimeric dog is mediated in vivo by blocking serum factors.
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Chimeras have been described to occur naturally in many animal species.1 Owen in 1945 described chimeric cows and showed them to contain two hematopoietic cell populations, one of which was derived from the chimeric individual's nonidentical co-twin.2 A cow containing such a foreign cell population was found to accept skin grafts from the other twin permanently,3 a finding which initiated research leading to the concept of immunological tolerance. 4 It is possible to induce chimeras experimentally by suppressing an animal's immunological response and inoculating it with allogeneic bone marrow. The first studies on chimera induction were performed in rodents.5 Subsequently, it was possible to establish permanent chimeras in dogs following supralethal whole body irradiation and transplantation of allogeneic bone marrow. 6 The presence of foreign cells within the chimeric individual could be confirmed with cytogenetic techniques since female bone marrow was transplanted to males.7
It is not known why, in a permanent chimera, the immunologically competent foreign graft does not mount any harmful immunological reaction against its host. The most common explanation is that those lymphoid cell clones that would have been reactive against the foreign alloantigens of the host have been made "tolerant," i.e., specifically nonreactive.8-13 Alternatively, it has been suggested that a phenomenon analogous to immunological enhancement may be involved, by which a chimeric individual's serum can protect against such cellular immune reactions that would otherwise lead to destruction of its own cells. [14] [15] [16] Hellstrom et al. have employed an in vitro test, colony inhibition, to demonstrate specific cellular immunity to tumor antigens."7 18 Inhibition of colony formation of plated target tumor cells was seen in both animal and human systems after exposure of the target cells to lymphocytes from animals or human patients with tumors. ' Colony inhibition tests were performed as in previous experiments with animal and human tumors.'7-2" Primary skin fibroblast cultures were trypsinized and the cells suspended in Waymouth's culture medium supplemented with nonessential amino acids, sodium pyruvate, L-glutamine and 30 per cent heat inactivated newborn calf serum. 50 mm Falcon plastic tissue culture dishes were seeded with 800 to 1000 cells each. The following day, when the target cells had attached to the Petri dishes, the culture medium was removed and 0.5 ml of the serum was added to each dish after dilution 1:5 in Eagle's minimum essential culture medium (MEM), supplemented with nonessential amino acids, sodium pyruvate and L-glutamine (MEM-suppl), immediately after which each dish received 0.5 ml of a leukocyte suspension containing 107 viable cells/ml, at least 80 per cent of which were lymphocytes. After 45 minutes incubation, 1.5 ml MEM-suppl was added to each dish, and the following day the dishes received an additional 1.5 ml MEM-suppl containing 20 per cent heat inactivated newborn calf serum. The dishes were incubated for three days, stained, the number of colonies counted and the differences in colony numbers calculated between experimental and control groups. Comparisons were made between the percentage colony inhibition obtained with a chimeric animal's own lymphocytes in the presence of either its own or control serum. The degree of protection by the dog's own serum is expressed in percent (100% protection = no inhibition).
A total of 12 experiments have been carried out, all of which are included in Table 2 . It appears that lymphocytes from the nine chimeric dogs were significantly more inhibitory to fibroblasts from the same dogs than were lymphocytes from any of the controls, the degree of inhibition ranging between 25 The target cells were exposed to sera from those chimeric dogs whose shin was explanted and to control sera. Between 2 and 5 Petri dishes were included in each group.
Percentage reduction of colony formation by lymphocytes from the chimeric donor of the target The colony inhibition obtained with lymphocytes from a chimeric dog was abrogated by serum from the same dog but not by serum from the control dogs. Serum protecting target cells from one dog did not protect cells from another, except in experiments 9 and 10, in which some cross-reactions were detected.
The present findings suggest that the immunological nonreactivity (tolerance) of the chimeric dogs in vivo is mediated by blocking serum factors. It may be speculated, on the basis of analogy with data from experiments on Moloney sarcomas in mice, that the blocking factors are antibodies,19 but there is as yet no evidence that this is the case. Our results contradict the hypothesis that those lymphocyte clones that could react immunologically against a chimeric animal's own skin fibroblasts had been depleted or inactivated. These indicate why allogeneic inhibition does not occur in the chimeras studied, since allogeneic inhibition can be abrogated by serum from animals immune either against the target cells or against the foreign surface antigens of the lymphocytes.28 It remains to be studied whether blocking serum factors can be revealed also in naturally occurring chimeras, in animals made tolerant as newborns by inoculation of allogeneic cells, and in allophenic animals. 29 The presence of such factors has clear implications for interpreting the phenomenon of immunological tolerance.
